Abstract. Based on the research of particle swarm optimization, fuzzy neural network (FNN) and PID algorithm, this paper presents a solution to apply the improved fuzzy neural network PID algorithm to the pressure control system of flash tank. Particle swarm optimization is used to optimize the initial weights of the fuzzy neural network offline. The optimal weights of the fuzzy neural network are obtained to tune the PID parameters on-line and realize the real-time pressure control of the flash tank. The simulation results show that the improved Fuzzy Neural Network PID algorithm has shorter adjustment time, faster response and less overshoot than other advanced PID algorithms, and the control effect is better. There has been a great improvement in both speed and speed.
Introduction
Flash tank is a chemical unit which optimizes the complex industrial production process. Flash tank has the characteristics of fast speed, high energy efficiency and strong separation ability. It has been widely used in chemical manufacturing and pollutant recovery. Most of the domestic hydrocracking units being built or rebuilt are equipped with pre-flash tanks in front of the feed furnace of the atmospheric pressure fractionation tower [1] . It is generally believed that the flash tank can reduce the load of the heating furnace and the fractionation tower.
The PID controller realizes control by proportional, integral and differential according to the difference between the system set value and the actual measured value [2] . It has better control effect for industrial process with simple system structure and production process. However, as the control precision of the system becomes higher and higher, it is difficult for the PID algorithm to meet the control requirements of the complex industrial system with non-linearity and large time-delay. In view of this, a solution which combines the PID algorithm, the fuzzy theory and the neural network model into the pressure control system of the flash tank is proposed. The improved particle swarm optimization algorithm is used to optimize the weight of the fuzzy neural network, and the improved fuzzy neural network PID algorithm is used to control the pressure of the flash tank.
Pressure Control Principle of Flash Tank
The mixture of gas and liquid produced by industry enters the flash tank for distillation and separation. The air in the flash tank is pumped out by vacuum pump, and the negative pressure environment in the tank is manufactured to achieve the purpose of gas-liquid separation. When the pressure in the flash tank changes, the pressure sensor will measure the real-time pressure in the tank. At the same time, the pressure setting value will be different from the measured value. The difference value and the change rate of the difference value will be input into the fuzzy neural network PID controller. The opening of the pneumatic valve will be controlled by the fuzzy neural network PID controller to realize the pressure control and ensure that the flash tank is in the normal pressure range. To improve the separation effect of materials.
Design of PID Controller Based on Fuzzy Neural Network

Structure of Fuzzy Neural Network PID Controller
Fuzzy neural network is the product of the combination of fuzzy control and neural network [3] . The fuzzy neural network PID controller is composed of the fuzzy neural network (FNN) algorithm on the basis of the traditional PID controller. The structure of the fuzzy neural network PID controller is shown in Fig. 1 .
Incremental PID Control Algorithms
The PID controller is composed of three parts: proportion, integral and differential. It is closed-loop control by the difference between the actual measured value and the set value of feedback. The mathematical expression of the output signal is as follows:
Incremental PID algorithm is a form of traditional PID algorithm. It is an algorithm that controls the increment of control quantity. It is a recursive algorithm that takes the difference between the current control quantity and the previous control quantity as a new control quantity. The mathematical expression of the control rate is as follows:
is the integral coefficient, = is the differential coefficient and T is the sampling period.
Fuzzy Mamdani Neural Network Structure
As shown in Fig. 2 .The measurement error e and error rate ec of the flash tank pressure control system are used as input neurons of the fuzzy neural network, and the proportional coefficient Kp, integral coefficient Ki and differential coefficient Kd of the three indexes of the PID controller are used as output neurons. The structure of Mamdani fuzzy neural network is generally divided into five layers. It consists of input layer, generation layer of membership function, reasoning layer, normalization layer and output layer [4] [5] . The input-output relations of each layer are as follows: The first layer is the input layer, which matches each component of the input vector with the node of the change layer. Its function is to transfer each component of the input vector to the next layer. Since the input of this paper is error and error rate, the number of nodes in this layer is 2.
The second layer is the membership function layer, which is the first hidden layer of the fuzzy neural network, in which each node represents a linguistic variable value. The main function of the new layer is to calculate the membership function of each component of input vector relative to each linguistic variable value fuzzy set. Generally, the membership function of this layer is Gauss function.
Membership function:
The third layer is the fuzzy inference layer, which is the second hidden layer of the fuzzy neural network, in which each node represents a fuzzy rule in the known fuzzy rule base. This layer is mainly used to determine the matching situation of fuzzy rules and calculate the fitness of each fuzzy rule.
The fourth layer is the normalization layer. The function of this layer is to realize the normalization operation.
The fifth layer is the output layer, and the function of the change layer is to make clear operation. 
Hybrid Optimization Algorithm of Improved Particle Swarm Optimization
Improved Particle Swarm Optimization
Particle swarm optimization (PSO) is a stochastic optimization search algorithm based on group collaboration and information sharing, which simulates the clustering behavior of birds in the process of foraging [6] [7] . PSO optimizes the random search population composed of n particles in the N-dimensional search space. The position and velocity of the j-th iteration of particle in the search population are and . The optimal position of the ist particle before and after the jth iteration is called . The optimum position of all particles in the population up to the j-th iteration is called . The conventional PSO algorithm is updated iteratively according to the following formula.
+1 = + +1
(6) In the formula, W is the inertia weight coefficient of the particle motion; 1 and 2 are the learning factors of the particle, and the classical values are 1 = 2 = 2; 1 and 2 are randomly selected in the range of (0,1).
Improving inertia weight .In this paper, the constant inertia weight of particle swarm is replaced by S-shape function, which improves the convergence speed of particle in the early stage of optimization, accelerates the search ability in the global scope, and slowly converges in the later stage to obtain more accurate optimization solution. The improved formula for calculating inertia weight is as follows:
In the formula, and are the maximum and minimum inertia weights, s and M are the current iteration times and the maximum iteration times respectively, e is the velocity adjustment coefficient, e = 10.
Improving the Velocity Updating Formula.In order to make the particles in motion better learn from the experience of other particles, we replace the optimal value of a single particle with the average of the individual extreme value of all particles. The improved velocity position formula is shown in the following two formulas:
(9) In the formula, = ( 1 + ⋯ + )/ , n is the total number of particles, K is the algebra of iteration. The improved particles will learn from the experience of other particles to make decisions, and the accuracy of optimization will be improved.
The flow chart of the improved fuzzy neural network PID algorithm is shown in Figure 3 below. 
Simulation Experiment and Result Analysis
This paper combines the mathematical model of flash tank pressure control system, and compiles m file program in MATLAB for simulation experiment [8] [9] . The PID parameters of the flash tank pressure control system are optimized by using the fuzzy adaptive algorithm, the fuzzy neural network algorithm and the improved fuzzy neural network algorithm respectively.
Considering that the pressure control system has the characteristics of self-balancing, and according to the previous research, the second-order inertia plus pure lag is used to describe the pressure control system of flash tank [10] . The second-order inertia plus lag is simplified to the first-order inertia plus lag by parameter identification. The transfer function of the system is shown in equation (16) (10) The parameters in the simulation are defined as population size 100, evolution times 50, random number 1 = 2 = 0.5, learning factor 1 = 2 = 2, and the parameters of the neural network are optimized by using the improved position and velocity update formula. The number of chaotic iterations N = 20, learning rate = 0.2, momentum factor = 0.01. The number of fuzzy rules is 7, and the topological structure of the controller is 2-14-49-49-3 determined by the structure of the fuzzy neural network. The simulation results are shown in Fig. 4 . In order to understand the simulation results more intuitively, the pressure control performances of the three methods are analyzed as shown in Table 1 . The simulation results of Fig. 4 (a) show that the convergence speed of the chaotic optimization particle swarm optimization algorithm is faster, the standard particle swarm optimization algorithm falls into a small local optimum when iterating to the 12th generation, and the particle swarm optimization algorithm has been basically iterated in the 13th generation, which makes the parameters of the fuzzy neural network approach the optimal solution and improves the dynamic response characteristics of the algorithm when setting the PID parameters. Fig.4 (b) In order to improve the change curve of PID parameters optimized by the fuzzy neural network, the weight of each parameter of the improved fuzzy neural network has an approximate optimal solution, so the parameters of the PID are set very quickly. Fig. 4(c) is the instantaneous step response curve of the flash tank pressure under the simulation time of 500 s, which is composed of three methods: fuzzy adaptive, fuzzy neural network and improved fuzzy neural network. From Fig. 4 (c) and Table 1 , it can be seen that although the fuzzy adaptive method has a great advantage in overshoot, its adjustment time is too long to meet the real-time requirement of pressure regulation of flash tank, and it is easy to cause poor separation effect of flash tank. The standard fuzzy neural network has greatly improved the adjusting time and rapidity compared with the fuzzy self-adaptation, but the disadvantage is that there is a certain overshoot, which makes the actual operation of the flash tank pressure and material transportation burden. When the reaction time of the improved fuzzy neural network is almost unchanged, the overshoot is reduced to 0.3% and the adjustment time is shortened by 31 s. In the actual pressure control of flash tank, the improved fuzzy network is used to adjust the parameters of PID, which meets the needs of actual control, and greatly improves the real-time performance and separation effect of the pressure control of flash tank.
Conclusion
Pressure control of flash tanks has been an important topic in industrial separation production. Good pressure control can ensure the real-time and accuracy of flash tank pressure control, which is of great significance for material separation and reuse. It greatly improves the stability and dynamic characteristics of the flash tank, and is of great significance for the separation and purification of the flash tank.
